tissue fluid. Whether the fibers are woven loosely or packed densely distinguishes the former as loose connective tissue and the latter as dense connective tissue. Connective tissues bind together or support various structures of the body.
1. VOLUME AND WEIGHT OF DENSE CONNECTIVE TISSUE Edelman and Leibman (ref. 233, p. 259) have assumed (l) that the collagen content of the guinea-pig and man are comparable, (2) that tendon is characteristic of dense connective tissues, and (3) that 70 % of tendon and cartilage is water. Based upon these assumptions, they calculated for a 70-kg man that the total osseous-free water in dense connective tissue is -~4.2 l, and thus the total volume of tissue is ,-~6 l (~6 kg weight). This includes 1 l (~ 1 kg) of free interstitial lymph.
DISTRIBUTION OF CONNECTIVE TISSUE
Moore et aL (ref. 561, p. 163) have proposed the following distribution of connective tissue: 
A. Skin and Hypodermis
The skin consists of two distinct layers: (1) the epidermis or the outermost layer, and (2) the dermis (also termed the corium or cutis vera or true skin) which lies adjacently beneath the epidermis. The hypodermis (also termed the subcutanea, subcutaneous tissue, or panniculus adiposus) is a loose connective tissue closely associated with skin, and in many places merges into the subcutaneous adipose tissue. For a discussion of the subcutaneous adipose tissue, see pp. 43-44. Although histologists recognize four layers of cells in the epidermis (from inward out, (1) stratum germinativum, (2) stratum granulosum, (3) stratum lucidum, and (4) stratum corneum), two main layers,.the stratum germinativum and stratum corneum, may always be distinguished regardless of the thickness of the epidermis. The stratum granulosum is a thin layer in most parts of the body, and the stratum lucidum is seen usually only in the thick epidermis of the palms and soles. The epidermal cells arise through mitosis in the stratum germinativum and become transformed ultimately into anucleated cells of the stratum corneum or horny layer which consists of dead cells that are eventually sloughed. 1 . THICKNESS OF THE EPIDERMIS, DERMIS~ AND HYPODERMIS DURING POSTNATAL LIFE Kligman (ref. 446, p. 407) , Whitton et al. (refs. 886a, b, c) , Harvey (ref. 365a), and Harvey and Whitton (ref. 365b) have suggested that the values in the older literature for the thickness of the skin (e.g., ref. 119, vol. 2, p. 1049) are probably too high due to technical artifacts; therefore, it is desirable to give, when possible, the conditions under which the tissue was studied.
a. Newborn
(1) Epidermis. The various divisions of the epidermis of the adult contain by far more layers of cells than in the corresponding divisions of the newborn (ref. 119, vol. 2, pp. 1049-50) . In the newborn the stratum corneum (horny layer) is extremely thin, but it grows very rapidly during the first month. Some measurements from skin fixed in formalin for thickness of the horny layer of the newborn are:
Flexnor side of the upper and forearm: 0.01-0.1 mm. Back: 0.01 ram. Peritoneum above the navel: 0.05-0.06 mm. Sole of the foot: 0.08-0.14 mm.
Some measurements using nonfixed, fresh, frozen skin are:
Buttocks, abdomen, and most of the body with the exception of the surface of the hands and soles of the feet: 0.01--0.05 mm.
Without specifying the region of the skin from which the measurements were taken, the thickness of the epidermis is reported as 0.15-0.25 mm (ref. 119, vol. 2, p. 1049 ).
(2) Dermis. Individual measurements for the thickness of the dermis may differ by a factor of two. Some typical measurements are (ref. 119, vol. 2, p. 1053 ):
Arm and back: 1.0-I.1 mm. Buttocks: 0.4-0.7 mm. Table 5 lists literature values for skin thicknesses on various portions of the body for infants. Southwood (ref. 774, p. 429) indicates that the skin thickness varies with age, sex, and site, but the data do not indicate much difference during the first 5 years of life.
b. Adult
The thickness of the stratum corneum (horny layer) may be estimated as approximately one-tenth that of the epidermis except for palms and soles where it may be much thicker (ref. 446a, p. 165) . According to Kligman, the stratum corneum is very thin and very uniform in most regions of the body surface, ranging from 13 to 15/zm with a maximum of about 15/~m (ref. 446a, p. 165) . For the abdomen, the thickness is about 11-14 /~m; for the back, slightly less; for the scrotum, about 9/zm (ref. 446, p. 408) ; and for the "horny pads" of the palms and soles, about 600 p m or more (ref. 446, pp. 402-3) , but in certain areas such as the folds of the palm, the stratum corneum generally is much thinner. Thicknesses of the total epidermis and stratum germinativum have been reported for one 56-year-old European male. The rounded reported values (ref. 521, p. 1808 ) are as follows:
Forehead:
Cheek: Neck: epidermis, 0.061-0.102 ram; stratum germinativum, 0.040-0.073 mm. epidermis, 0.085--0.123 mm; stratum germioativum, 0.052-0.074 mm. epidermis, 0.046-0.122 mm; stratum germifiativum, 0.025-0.071 mm.
In Figs. 35 and 36 and Tables 6 and 7 are presented the thickness of the layers of skin in the various regions of the body, and in Fig. 37 , the thickness of the skin plus hypodermis in various regions of the body. Typical weights of the skin and hypodermis are presented as a function of gestational age in Fig. 38 .
b. Postnatal
The weights given in the literature for the total skin and its subdivisions have been found to vary widely. The differences could be due to several reasons, but probably the most important point is the definition of the skin. If the weight of the skin is taken to include the hypodermis as well as the dermis and epidermis, it corresponds to about 16 ~ body weight, i.e., 0.16 W. HoweVer, if the hypodermis is excluded (except for a thin layer near the dermis), then the weight of the skin corresponds to about 0.06 W (ref. 479, p. 190) . Literature values for the weights of skin and hypodermis are presented in Table 8 for the newborn. . 422, p. 143; 447, p. 163; 685, p. 127; 857, p. 42 . ~) Literature review value. ~c) Skin plus hypodermis according to ref. 479, p. 188. Using the data of Table 5 , the mean thickness of the epidermis is about 40/~m for the newborn-to-5-year-old group. The SA is 2200 cm 2 for a 3.5-kg newborn (see p. 17), and the mean specific gravity of the prepuce of the newborn is ~ 1.1 (see p. 56); therefore (0.0004 cm) (2200 cm 2) (1.1 g/cm a) = about 10 g as the weight of the epidermis for the newborn. The mean thickness of the dermis is about 660/~m; and using the same values as for the epidermis, the dermis for the newborn weighs about 170 g. Therefore, the total skin weight is estimated to be about 180 g. Considering the variables and assumptions, this value is in fair agreement with the literature values quoted in Table 8. Weight of the skin of the newborn infant:
200 g. Weight of the hypodermis of the newborn infant: 480 g.
In the literature reviewed and studied for this report, two values were found for the weight of the epidermis of the adult. Moleschott (ref. 556, p. 1809 ) gave a value of 488.5 g which is quoted by Rauber (ref. 451, vol. 2, p. 681) and Vierordt (ref. 857, p. 145 ) without indication of the body weight or surface area of the subject. Leider and Buncke (ref. 480, quoted in ref. 910, p. 2) have reviewed the problem and, using the specific gravity as 1.25, they have calculated the weight of the epidermis to be 225 g. Some literature values for the weights of the skin and hypodermis of the adult are presented in Table 9 .
At the Permissible Dose Conference held at Chalk River, Canada, September 29 and 30, 1949, the value for the minimal depth of the basal layer of skin was agreed to be 7 mg/cm 2 (ref. 148a). Using 18,000 cm z as the SA (see p. 17) and specific gravity as 1.145 (see p. 56), the weight of the epidermis would be about 126 g. Recently, the values for the thickness of the epidermis have been re-evaluated and reinvestigated (refs. 365a, b, 886a, b, c) . The techniques and values for the epidermal thickness in the literature were compared and studied. According to these investigators, shrinkage of the tissue was not considered in the majority of cases (ref. 365b) . In these recent studies, shrinkage of the tissue was considered, and from 214 samples the mean thickness of the epidermis was reported as 50/~m with a minimal thickness of 30/xm (see Table 7 ). Using the mean value of 50 t~m, specific gravity of 1.145, and SA of 18,000 cm z, the weight of the epidermis for a 70-kg man would be about 103 g. From the data in Table 6 , the dermis is about 25 times thicker than the epidermis; therefore, an approximate weight of the dermis would be about 2500 g. From the data for the first two male cases listed in Table 9 , the weight of the hypodermis is seen to be a factor of 2 or more greater than the weight of the skin. Both males (ref. 77, pp. 79-90) approximate our reference man of 70-kg W, and one was in the range 20-30 years of age. Based upon (1) these data, (2) the fact that the skin and hypodermis are very difficult (if not impossible) to separate, and (3) the fact that the weight of the hypodermis would vary widely from individual to individual, particularly with respect to the amount of adipose tissue present, a value of 7500 g has been selected as the weight of the hypodermis for a 70-kg male. Again using 50 /~m as the mean thickness and 1.145 as the specific gravity for the epidermis, but 16,000 cm 2 as the SA for a 58-kg female (see p. 17), the weight of the epidermis would be about 92 g. From the data in Table 6 , the dermis is about 19 times thicker than the epidermis; therefore, an approximate weight of the dermis for a 58-kg female would be 1700 g. The weight of the hypodermis (panniculus adiposus) for the reference female is given as 72 ~ of the total body fat (ref. 764, p. 59), or 13,000 g.
Beginning with 200 g as the weight of the skin of the newborn (W = 3.5 kg) and using 2600 g as the weight of the skin of the adult male (W = 70 kg) and 1790 g as the weight of the skin of the adult female (W = 58 kg), theoretical growth curves based upon curve C of Fig Epidermis (g) 100 90
Dermis (g) 2500 1700
Hypodermis ( 
COMPOSITION OF SKIN
The water content in fresh, whole skin is ~ 80 700 during fetal life, decreasing to ,-~ 68 % in the newborn and ,~ 62 % in adolescents and adults and increasing during senescence (Meyer, in ref. 690, p. 495) . For the adult the values for water content range from 53.5 to 72.5% (refs. 291, p. 361 ; 292, p. 971 ; 553, p. 628; 831, p. 127) . Except for the study by Tipton and Cook (ref. 831 ) who determined the mean water content of 19 skin samples to be about 61%, the values in the literature represent only a few subjects or an unreported number of subjects. Widdowsgn and Dickerson (ref. 892, p. 32 ; also cited in ref. 893, p. 1 I1) reported the water content of fresh, fat-free skin of the newborn to be 80-85 (mean 82.8%; n = 4). For the adult, the values ranged from 67. 5 to 75~o (refs. 690, p. 494; 775, p. 76; 892, pp. 31-32; 893, p. 111) . The water content is ,-,10% for the horny layer of the adult skin (ref. 516, p. 437) . For the epidermis, the water content ranges from about 60 to about 70% with an average of ,, ~65% (ref. 690, pp. 494-5; n = 15) .
The distribution of water in the skin is given in Table 10 . The extracellular phase consists of extracellular water (ECW) and the connective-tissue proteins. Some of the ECW is associated with the fibrous connective-tissue proteins (e.g., collagen, elastin, and reticulum) constituting the dense fibrous connective tissue, while the rest of the water outside of the cells is associated with the nonfibrous material of connective tissue (e.g. mucopolysaccharides and plasma proteins). The former is called "fiber water" and the latter "nonfiber" water (ref. 892, pp. 39-40) . Griesemer (ref. 340, p. 34) has reported from studies of Matoltsy that the composition of the water-free horny layer is roughly the same as in the water-free epidermis. From nitrogen values (refs. 892, p. 32; 893, p. 111 ; see also ref. 212, p. 58) , the protein content for fresh, fat-free skin was calculated for the newborn as ranging from 14 to 18~ (mean = 16.6~o, n -----4) and for the adult as ranging from 32 to 34~ (n z 5). The values for collagen in fresh, fat-free skin also were calculated from the nitrogen values (refs. 892, p. 32; 893, p. 111) . For the newborn, the collagen values ranged from 6 to 13 ~ (n -----4; mean = 11 ~o), and for the adult (n = 2) the values were ~ 30 ~o.
The fat content of fresh, whole skin of adults ranged from 0.3 to 19 ~ (refs. 291, p. 361; 292, p. 971; 553, p. 628; 690, p. 495; 775, p. 77) . These studies represent only a few or an unspecified number of determinations.
The median value (n = 21) for the ash content of fresh, whole skin of the adult is 0.7~ with an 80~ range of 0.5-0.97~ (ref. 831, p. 127; see also refs. 291, p. 361; 292, p. 971; 553, p. 628) .
The glycogen content of the skin of the newborn ranges from 0.006 to 0.05 ~ of the wet weight (ref. 690, p. 465) . The glucose content of fresh skin taken from the back of 33 adults ranges from 0.06 to 0.08 ~ (ref. 170, p. 209; also quoted in ref. 690, p. 469) . The glycogen content of these same 33 subjects ranged from 0.068 to 0.085 ~ (ref. 170, p. 209; also quoted in ref. 690, p. 466) . The free glucose may be estimated as two-thirds the amount in the blood (ref. 690, p. 469) . Rothman (ref. 690, p. 469) states that in man's skin the amount of"bound sugar" is 15 times that of free sugar, and although determinations of glucose and glycogen are open to question, in general, there appears to be more glycogen in the "upper" skin than in the "lower."
The DNA content of skin is constant with age. In the fresh, fat-free epidermis, de Bersaques (ref. 65, p. 41) has reported 1.3 ~ (n = 6), and in the plantar epidermis, 1.5 (n = 6). The content of RNA decreases in the epidermis from the basal to the horny layer (refs. 4, p. 141 ; 399, p. 71 ; 559, p. 130 
TOTAL BLOOD CONTENT AND BLOOD FLOW OF THE SKIN
An estimated blood flow of the forearm skin has been given as varying from 0 to 70.5 ml per 100 m of skin per minute (ref. 70, p. 844) . No estimates of blood content of human skin have been found. The total blood of the skin for mice and rats has been quoted as varying from 19 to 30/A/g wet tissue (ref. 11, pp. 9-10).
SPECIFIC GRAVITY OF SKIN
Age, sex, or color are not believed to influence the specific gravity of skin (ref. 480, pp. 567-8). Estimates of specific gravity of skin are listed in Table 11 . Using the assumption that the total surface area of the adult human body is 2 m z, Kligman (ref. 446, p. 402 ) has given the total body daily production of horny material as 0.5-1 g. He (p. 401) also calculated regional values (g/m z per day) which are as follows: palms, 3.5; scalp, 2.1; forehead, 1.7; thigh, 0.3; upper arm, 0.2; forearm, 0. Glands (abstracted from refs. 910, p. 4; 463b, 558, There are (2) (3) (4) (5) • t06 eccrine sweat glands in an adult, and they are distributed over the whole surface of the body except on the lips, glans penis, inner surface of the prepuce, and clitoris. They are most numerous on the palms and soles where they average about 424 and 416 per cm 2, respectively.
The volume of one sweat gland varies between 0.012-0.018 mm 3 with an average size of 0.015 mm 3. The total volume of sweat glands of an adult man is about 34 cm 3 (refs. 332, p. 1246; 463b, p. 74) .
Heat is the principal stimulus to eccrine sweating, but only about 130 sweat glands per cm 2 can be thermally activated. The mean diameter of the orifice in the stratum corneum is 72/~m. Hence, the total orifice area is 94 cm 2. These glands appear in the fourth and fifth month of gestation, and at birth they look like adult glands. There is no neoformation of glands, so the density is greatest from birth to 1 year of age. At that age there are eight to ten times as many sweat glands per square centimeter of surface area as in the adult (ref. 558, p. 90). Glands (ref. 558, pp. 129, 135, 136; 910, p. 4) These glands are localized in the axilla, the external auditory meatus, the eyelids, and the circumanal region, and are attached to the hair follicle. They appear at 4 or 5 months of fetal age and start to function at puberty, and at senescence undergo involution.
b. Apocrine Sweat
c. Sebaceous Glands (ref. 558, 910, p. 4) Most of the sebaceous glands are associated with hair, although some are free and their ducts open directly onto the surface of the skin. Sebaceous glands are present on the entire surface of the body except the palms, soles, and dorsum of the foot. They are largest and most numerous on the scalp, forehead, cheeks, and chin, where their density is about 400-900 per cm z. On the remaining parts of the body, there are about 100 per cm 2 except on the dorsal aspect of the hands where there are 0-50 per cm 2. The sebaceous glands differentiate during the third fetal month and are functioning before birth. The amount of sebaceous secretion is about 0.1 /xg/cm 2 per minute which is about 12 mg/h over the whole body surface (refs. 190, p. 702; 501, p. 138 ). Marked regional differences are noted, as, for example, on the forehead the secretion rate is three to four times higher than on other parts of the body (ref. 690, p. 295) . The cell renewal time in the sebaceous glands for four subjects was estimated to be 6. 5-8 days (ref. 259, p. 457 ).
B. Hair

WEIGHT OF HAIR OF ADULTS
Obviously the weight of hair on the head is partly a matter of the individual's endowment and if suitably endowed--may vary with the trends of fashion or taste. Vierordt (ref. 857, p. 147) has suggested 300 g for the weight of scalp hair of an adult female, and this would probably represent a rather full head of hair. No value has been found for the male, but 20 g weight might represent a male with a full, but not extra long, head of hair. No allowance is made for sideburns or for a beard.
Weight of hair for reference adult male: 20 g female: 300 g
MORPHOLOGICAL AND GROWTH CHARACTERISTICS oF HAIR
The newborn is covered with lanugo or primary hair except for palms, soles, eyelids, nipples, lips, and the distal phalanges of the fingers and toes (refs. 119, vol. 2, p. 1069; 521, p. 1937) . Its length is 0.1-10 mm and its basal width is 27 t~m. The duration of its cycle is 2 months (ref. 521, pp. 1936-7) .
The scalp hair begins to grow before birth. At the time of birth the average length in the male is about 2.4 cm and in the female, about 2.6 cm (ref. 521, p. 1939) . The growth rate in the newborn is about 0.2 mm per 24 h but later increases to 0.3-5 mm per 24 h (ref. 119, vol. 2, p. 1079) .
Axillary and pubic hair begin to appear at approximately 10 years of age in the female and 12-15 years of age in the male. The order of appearance is mons pubis, scrotum, axillary, and beard (ref. 119, vol. II, p. 1079) .
The total life span of a hair (including the period of growth and of quiescence before shedding) differs according to the region of the body and the type of hair. As, for example, eyebrows, eyelashes, and axillary hair have a life span of 3-4 months, but the hair of the scalp has a life span of 4 years (see Table 12 for more details).
The number of scalp hairs per cm 2 in children (3- For adults, the number of hairs per cm 2 varies from 40 to 880 depending on the region of the body (ref. 307, p. 76) . Detailed data are presented in Table 12 . Two values for the number of hairs are given--one for the number of hair follicles and another for the number of visible hairs.
COMPOSITION OF HAIR (FRESH WEIGHT)
Water: 4-13 % (refs. 13, p. 401; 690, p. 374; 775, p. 77; 857, p. 379 C. Nails
WEIGHT OF NAILS
A weight for the nails was not found in the literature, but based upon specific gravity and dimensions, the 10 fingernails of adults were estimated to weigh about 0.7 g. A similar estimate indicated the 10 toenails of adults might weigh about three times the weight of the fingernails. Thus the total weight of all nails might be about 3 g for either the adult male or female.
Total weight of fingernails and toenails for reference adult male and female: 3 g
DIMENSIONS OF ADULT FINGERNAILS
Bruhns (in ref. 521, p. 1990, Abb 843) gives the following dimensions for adult fingernails:
1st finger: breadth, 13.5 mm; length, 13.0 mm. 2nd finger: breadth, 13.0 mm; length, 12.7 ram. 3rd finger: breadth, 11.5 mm; length, 12.5 ram. 4th finger: breadth, 11.5 mm; length, 12.5 mm. 5th finger: breadth, 9.0 ram; length, 10.0 mm.
An average thickness of nails for males of 0.384 mm and for females of 0.346 mm has been given by Testut (ref. 820, p. 315; also quoted in ref. 857, p. 149 ).
GROWTH RATE OF NAILS
The nail grows in length and thickness chiefly, if not entirely, through cellular activity in the proximal portion of the nail bed alone (ref. 24, p. 123) . The rate of growth is not the same in all digits, and it also shows considerable seasonal variation (ref. 162, p. 317) . Martin and Saller (ref. 521, p. 1990; see also refs. 162, p. 317; 795, p. 537) growth rate is about 0.088 mm per 24 h. The fastest growth rate is attained in the third fingernail followed in decreasing order by the second, fourth, first, and fifth. In the winter the growth rate of the nails is 8-13 % less than in the summer (ref. 521, p. 1990) . As an example, the average rate of growth for the thumb nail in winter is approximately 95 /zm/day, but in the summer it is about 115/zm/day (ref. 162, p. 317 
A. Skeleton
The skeleton is defined as an anatomical structure which includes bone, skeletal cartilage, certain periarticular tissues adhering to joints, and red and yellow marrow. Unless otherwise specified, the term "skeleton" refers to the totality of these tissues as they would occur in the living body, i.e., including the blood and body fluids normally present. When cartilage, periarticular tissue, and red and yellow marrow are removed, the remainder of the skeleton may be classified simply as bone. Two general types of bone are distinguished--cortical (compact or dense) and trabecular (cancellous or spongy). Bone, as distinct from marrow, cartilage, and periarticular tissue, may be subdivided further into bone cells, fluids, mineralized substance, and organic matrix. The hardness of bone results from the deposition of a bone mineral within a supporting lattice of organic matrix. The bone mineral consists essentially of hydroxyapatite, Calo(PO4)6 (OH)2. The bone matrix contains cotlagenous fibers and a cement or ground substance composed of mucopolysaccharides and mucoproteins (refs. 91, p. 223; 307, pp. 16-17; 445, pp. 159-60; 566a, p. 155 ).
WEIGHT OF THE SKELETON
a. Prenatal
Data on skeletal weight as a function of gestational age suggest the trend plotted in Fig. 40 . (See also refs. 839, pp. 83-90; 840, pp. 167-84; 840a, pp. 46-50.) 
b. Postnatal
The skeleton of the newborn ranges from ~ 9 % W to ~ 18 % W (refs. 24, p. 92; 77, pp. 97, 100; 289, p. 222; 447, p. 163; 571, p. 181; 807, p. 108; 857, pp. 20, 42) . Two 16year-old individuals had skeletal weights of 10% W and 24% W (female and male, Weights of the dry, fat-free skeleton have been reported to average about 4.4 kg for the adult male and about 3.2 kg for the adult female with a SD of about 1 kg or less (refs. 35, pp. 6034; 417, p. 63; 548, p. 596; 562, p. 39; 836, p. 542 ). There may be some relation to race as welt as to age (ref. 548, p. 595) .
Estimates have been made for the relative weights of individual bones. These are expressed as a percentage of the weight of the skeleton in Tables 13 and 14 The relative weights of dry bones as percentages of the total skeletal weight are presented in Table 14 . The percentages in column 1 (ref. 781, p. 120) are applicable strictly to mineral bone. However, according to Spiers, for many bones it is a reasonable assumption that the ratios will not be very different from those for wet bone plus marrow. The percentages cannot be expected to be accurate for the spine and sacrum and are likely to be in doubt in the case of the pelvic bones. In column 2 of Frost (ref. 303, pp. 6-7) defines absolute bone volume as the bone volume remaining after subtracting the volume of all the "holes" normally occupied by organic material present in the mineralized bone structure. This is essentially the volume occupied by the organic matrix plus the bone mineral deposited therein. Using a specific gravity of 2.3 (refs. 303, p. 6, 123; 426, p. 630 ) and Frost's estimate that this occupies 20 ~ of the total volume, one obtains the weight of the bone mineral as 2.3 • 0.2 x 7.7 = 3.5 kg for adult males and about 58/70 x 3.5 kg ----2.94 kg for adult females.
TYPES OF BONE TISSUE
There are two general types of bone--cortical, compact, or dense bone and trabecular cancellous, or spongy bone. A sharp boundary cannot be drawn between the two types of bone, for they are merely different arrangements of the same histologic elements. Both cortical and trabecular bone are more or less present in all bones, and, in general, the cortical bone is on the exterior of the skeleton and the trabecular bone on the interior (refs. 92, pp. 223; 333, p. 310 ). Various estimates have been given for the percentage of each in the skeleton. Frost (ref. 303, p. 112) has estimated the percentage by volume for cortical bone as 70 ~ and for trabecular as 30 Yo. Johnson (ref. 426, p. 550) has estimated the weight of the trabecular bone as 10~ of the total bone mass. According to the International Commission on Radiological Protection (ref. 418a, p. 11), the ratio of the total trabecular bone volume to total cortical bone volume is one-fourth.
In view of these estimates, the value of 20 ~ of bone by wet weight was selected for trabecular bone and 80 ~ for cortical bone of reference man (see p. 79). Measurements of the thickness of cortical and trabecular portions of some bones are presented in Table 15 . In Table 16 are presented data for the distribution of cortical and trabecular bone in the skeleton.
a. Cortical, Compact, or Dense Bone
In a microscopic examination of a transverse section of cortical bone, circular districts may be seen. Each circular district is called a Haversian system which consists of a central hole (Haversian canal about 22-110 ffm in diameter; refs. 91, p. 159; 92, p. 226) surrounded by concentric layers of bone, the lamella. Each lamellae is composed largely of calcified interstitial substance, bone'matrix, and ranges in thickness from 3 to 7 tzm (ref. 92, p. 224) . In every Haversian canal are found the blood vessels, nerves, and some connective tissue. In some of the larger Haversian canals, lymphatic vessels also may be found. In a longitudinal section of bone, the Haversian canals generally may be seen to (2) Tibia (2) Humerus (2) Radius (2) Ulna (2) Fibula (2) (2) fixed tissues which are the capillaries and the bone cells. The great majority of bone cells are not more than 0.1 mm from a capillary, but occasionally this distance reaches 0 .2 mm (ref. 353, pp. 705-6) .
The variation with age of cortical type bone thickness is presented in Table 17 . 
b. Trabecular, Cancellous, or Spongy Bone
Trabecular bone is a network of plates and bars called trabeculae. The red bone marrow is contained in the spaces of the trabecular type of bone, and on the average these spaces are larger than those of the Haversian system. The dimensions of the trabeculae are presented in Table 18 .
In trabecular type bone, such as ribs and vertebrae, the trabeculae occupy 12 ~ of the total volume. If the specific gravity of bone and marrow is taken as 2 and 1, respectively, about 20 ~ of the total mass is bone and ,-,80 ~ is bone marrow. Bone occupies 22.5 ~o and marrow 77.8 ~ of the volume of the sternum of the adult. Trabecular bone comprises 9.6 ~ of the sternal volume and cortical bone, 12.9 ~o (refs. 368, p. 264; 681, p. 242) . (refs. 256, : pp. 96-7; 681, p. 242; 922, fig. 1-10 ) Range = 0. 1-I (refs. 256, p. 97; 681, p. 242; 780, p. 629; 922, fig. 1-10) According to Spiers (ref. 780, p. 628 ) the size of the marrow cavities of the third lumbar vertebra varies with age, being smaller during infancy and childhood than in adulthood. Johnson (ref. 426, p. 549) specifies two rates of change in the size of the marrow cavity after 35 years of age; namely, (1) circumferential enlargement which thins the cortex at a rate of ~0.5 mm per decade, and (2) longitudinal enlargement at a rate of ~0.5 cm per decade. At about 60 years of age, the size of the marrow cavity begins to decrease , (ref. 780, p. 628) . The distribution in adults of intratrabecular marrow space by size is given in Table 19 . The distribution of marrow cavities according to size and the associated distribution of marrow volumes and surface areas have been given by Spiers (ref. 780, p. 631) for the trabecular type of bone of the iliac crest.
SURFACES OF BONE
The endosteum is defined as the tissue lining the medullary cavity of a bone. The periosteum is a fibrous membrane which adheres to the outer surface of bones except at their cartilaginous extremities. The periosteum is a layer of specialized connective tissue endowed with osteogenic potency (ref. 92, p. 224) and is typically about 10 t~m in thickness (ref. 781, p. 145) .
Lloyd et al. (ref. 497a, p. 242 ) have estimated the total skeletal surface area to be 11.2 m 2, about half in trabecular bone and the other half in cortical bone. Robinson (re/'. 684, and Johnson (ref. 426, p. 551) have assumed that surfaces of Haversian canals, lacunae, and canaliculi are smooth and have estimated the following surface areas:
Canaliculi: 651-1085 m z 1 Lacunae: --~43 m2 ) (ref. 684, pp. 434-5) .
Walls of vascular spaces (Haversian and Volkmann canals): 2-3 m 2 (re/'. 426, p. 551).
According to the International Commission on Radiological Protection (ref. 418a, p. 11), the ratio of total trabecular bone surface to total cortical bone surface is one.
SPECIHC GRAVITY OF BONE AND SKELETON
Johnson (ref. 426, p. 630) has stated that "Density of bone is of several orders and quite different meaning;" therefore, it is necessary to know how the data were obtained if they are to be used properly. It is not feasible to give details of procedures here, and the reader should consult the references cited in determining whether the data are applicable for his needs. Blanton and Biggs (ref. 84) have determined the specific gravity of fresh cortical and trabecular bone containing marrow. In the living person, this is of some importance for dosimetry. Eighty=six fresh bone specimens were used (54 trabecular samples from thoracic and lumbar vertebrae and calcaneus; 32 cortical samples from the shafts of the tibiae and femora) from 13 Caucasians (9 male and 4 female) whose ages ranged from 35 to 79 years. The mean specific gravity of trabecular bone was determined to be 1.08 and of cortical bone, 1.85. The specific gravity of several bone samples (both trabecular and cortical) taken from the same area of one bone of a patient varied greatly. Robinson (ref. 684, p. 425 ) gave the specific gravity as 1.3 for a 10-kg skeleton including blood, lymph, bone marrow, and cartilage. The reader is referred to ref. 426, p. 630, for a discussion of the specific gravity for bone under different conditions, such as hydrated, dry, fat-free, etc.
The specific gravity of bone tissue reflects closely the degree of calcification. There are two periods in life when the specific gravity of bone may be lower than usual. (I) During the suckling period (5-9 months postnatal) the moderate amount of decalcification which might affect the trabecular bone only results in a decreased specific gravity of bone tissue of the infant (refs. 119, vol. I, p. 134; 206, p. 59; 790, p. 9 ). (2) Different investigators have employed various techniques and have reported that the specific gravity of bone tissue decreases with advancing years (refs. 314, pp. 41-61; 315, pp. 187-91; 515, pp. 288, 291 ; 591, p. 27, figs. 15-16; 591a, p. 159; 837, pp. 674, 679; 838, p. 843; 904, pp. 81-82) . The decreasing specific gravity of trabecular bone indicates that the bone tissue mass decreases with age due to a disproportionate loss of mineral material (ref. 27a, p. 34; see also ref. 4a, p. 610). However, Woodard (ref. 905, p. 515 ) has indicated only a slight increase of specific gravity of cortical type of bone beyond age 30 years. From the constant percentage by age of weight of ash/weight of dry, fat-free wholebone, Trotter and Peterson (refs. 837 p. 674, fig. 2; 838, suggested that the weight &the mineral substances of bone tissue and the weight of bone tissue decrease proportionately. Mueller et al. (ref. 570, p. 145, chart IV) found that for vertebral bone and iliac crest there is about 1 g ash per ml of hydrated bone (bone without marrow spaces) and that this is almost independent of age, there being only an increase of about 10~ to age 60 and a slight decline thereafter. They (ref. 570, chart V) also have indicated that if the data are expressed as weight of ash/weight of fully hydrated bone tissue, the quantity of mineralized bone tissue (~ represented by ash) decreases with age. Fully hydrated bone tissue is defined as bone tissue in which the marrow spaces are filled with water (ref. 570, p. 147) , and hydrated bone tissue is defined as bone tissue without marrow space (ref. 570, p. 144) .
Frost (ref. 303, p. 125) indicated that from about age 40-80 years, ~25 ~ of the absolute skeletal volume is lost. Beginning at about 30 years of age, the loss of bone has been estimated to be about 5-10~ per decade (refs. 591, p. 24, figs. 6-7; 814, p. 127; 904, p. 81, fig. 1, curve A) . The loss in thickness of the cortical bone approximated 20 ~ in males and 30 ~ in females, but the largest percentage of loss occurs after the fifth decade (ref. 315, p. 191 ).
a. Specific Gravity of Hydrated Cortical Bone Tissue
Newborn: 1. 5-1.8 (ref. 683, p. 191) . Adult (n = 10): mean = 1.99; SD ----• (ref. 330, p. 327) .
(See also refs. 683, p. 191 ; 905, p. 514 , where values are given corresponding to various stages of treatment of the material, e.g., fully hydrated, hydrated, and dry.)
b. Specific Gravity of Hy&'ated Trabecular Bone Tissue
Adult (n = 3): Mean = 1.92; SD = • (ref. 330, p. 327; see also refs. 570, p. 144; 683, p. 191 ).
COMPOSITION OF THE SKELETON
The literature values are variable, probably reflecting in addition to differences among individuals, different methods of preparation and analysis as well as the portion of the skeleton sampled.
a. Composition of Whole Bones with Marrow and Skeleton of the Fetus, Newborn, and Infant
Swanson and Iob fief. 807, p. 109, tables 2, 4) provide some data on the water content of the skeleton for two fetuses and one newborn. The water content of the skeleton of the ~4-lunar-month fetal skeleton was ~72~ (ECW = ~44~) and 62~ at about 9 lunar months (ECW = ~24 ~). In the latter subject, fat was reported as 0.4~ of the skeleton.
Fomon (ref. 284, table 5, p. 243) proposed the following composition for whole bone with marrow (femur was the bone analyzed) of a "male reference newborn:" water, 64~; fat, 0.2~; protein, 14.8~; mineral, 17.3~; and residue, 3. , pp. 97-98, 100-1, 116; 206, p. 59; 289, p. 222; 447, pp. 163, 165-6, 169; 807, pp. 108-9; 888, p. 35.)
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b. Skeletal Composition as a Function of Age
Of the few detailed analyses of entire skeletons, three for adults are summarized in Table 20 with ranges of other literature values. Measured values for tibia, ulna, and ribs of adults are presented in Table 21 for comparison. Some measured values and calculated values for the calcium content of some bones, type of bone, and skeleton as a function of age are presented in Table 22 . for skeleton number one and the second value is for skeleton two of Table 20 . 
c. Composition of Cortical and Trabecular Type Bone
In Table 23 are summarized the data for the composition of cortical and trabecular bone: 
BLOOD CONTENT OF THE SKELETON
A value for blood in the skeleton was not found in the literature but may be estimated. According to Frost (ref. 303, p. 6) the vascular channel space is approximately 6 % of the total space enclosed by the perlosteal envelope, i.e., 5.3 1 (see p. 65: skeleton --skeletal cartilage + periarticular tissue = 5.3 1). The specific gravity of whole blood is 1.058 (see p. 33).
(5.3 1) • (0.06) • (t.058) = 336 or 350 g of whole blood in a 10-kg skeleton of which 250 g is associated with bone, 80 g with red marrow, and 20 g with yellow marrow. Using an exponential model for survival, the average life of human osteocytes has been estimated as 25 years (ref. 303, p. 24) .
Annual turnover rate
If a fraction f of bone is remodelled per day (annual rate, 365 x f), the net loss of calcium or strontium from bone would be less than this fraction of the original amount because some of the material discharged to blood is redeposited in other bone sites which are being formed at the time. This process is termed recycling. In practice one must judge whether the data reported define a rate of remodelling of bone or a rate of replacement of calcium or strontium by material recently ingested. Generally the data obtained by the balance studies of calcium and strontium would indicate only replacement by recently ingested material unless the data have been interpreted to obtain true turnover rates. Histological methods would be expected to provide more direct data or turnover rates.
(1) Skeleton. Generally, estimates of turnover rates are calculated on the basis of turnover of calcium and strontium or are based on various quantitative histological methods. The data of Bryant and Loutit (ref. 133, see also refs. 60, 304, p. 8) are summarized as follows for infants through adolescents: first year, 100-200 %; third to seventh year, 10%; after eighth year, just over 1%; and during the growth spurt of adolescence, the annual turnover rate must be small during these years of great skeletal accretion. Values ranging from 0.3 to 3 % have been reported for adults between 20-60 years (refs. 133, p. 37; 304, p. 8; 376, p. 157; 462, p. 632; 519, p. 149, fig. 8-4; 695, p. 349; 696, p. 350 ' 3. 5-6. 5~ -216-20 y.
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B. Bone Marrow
For a discussion of bone marrow, see pp. 86-98.
C. Cartilage
Cartilage is a specialized form of connective tissue which is nonvascular and has no nerves. It is composed of sparse cells arranged in groups and extracellular fibers embedded in cartilage lacunae in a stiff, gel-like matrix. In this report, all cartilage has been considered as part of the skeleton including such as nasal cartilage and the auricle of the ear.
Three kinds of cartilage--hyaline, elastic, and fibro--are distinguished by the amount of gelMike matrix and the relative abundance of the collagenous and elastic fibers embedded in it. Hyaline cartilage is found on the ventral ends of the ribs, in the tracheal rings and larynx, and on the joint surfaces of bones. Elastic cartilage is found in the external ear, walls of the external auditory and eustachian tubes, and the epiglottis. Fibrocartilage is associated closely with the connective tissue of the capsules and ligaments of joints. It occurs in intervertebral disks, certain articular cartilages, and in sites of attachment of certain tendons to bones.
The capacity of cartilage for rapid growth, while maintaining a considerable degree of stiffness, makes it a particularly favorable skeletal material for the embryo. Most of the axial and appendicular skeleton is first formed as cartilage but later replaced by bone. In postnatal life, cartilage is of more restricted occurrence but continues to play an indispensable role. In many bones, cartilage makes possible growth in length and is important in determining size and shape. In joints, cartilage has the property of sustaining great weight and, at the same time, allows the bones to move easily and smoothly against one another. In other places, such as bronchi, trachea, nose, and ear, the cartilage serves as a resistant framework that prevents the collapse of the tubular organs which need to be open permanently (abstracted from refs, 92, pp. 212-20; 333, p. 206 ). Swanson and Iob (ref. 807, p. 108) have reported the percentage cartilage of the total skeletal weight for three fetuses as follows: 42.5 % of the 63.5-g skeleton of a 4. I-lunarmonth fetus weighing 530 g; 41.7 % of the 121.3-g skeleton of a fetus weighing 1095 g; and 36.1 ~ of a 210.6-g skeleton of a 9.I-lunar-month fetus weighing 2060 g. I" The periarticular tissue included with the skeleton is not the total for this tissue. Only the periarticular tissue closely attached to bone is included here. See discussion under cartilage and dense connective tissue.
WEIGHT OF CARTILAGE DURING PRENATAL LIFE
D. Nonskeletal Dense Connective Tissue: Tendons, Fascia, and Periarticular Tissue
Tendons are fibrous cords of connective tissue in which the fibers of a muscle end and by which a muscle is attached to a bone, cartilage, or other structure. The term fascia as used in anatomy means a band, a layer, or partition of connective tissue. The fascial layer immediately inside the skin and covering the entire body is called the "superficial fascia." It is the outermost layer of connective tissue. The connective tissue associated with muscles, bones, joints, and peripheral vessels is the deep fascial system. The ligaments which form the capsules and strengthening bands of joints constitute a special form of fascia. Other specialized forms are the pericardium (connective tissue that forms the sac of the heart), dura mater (outer layer of the covering of the central nervous system), and periosteum (layer adherent to the bone). Typical deep fascia also forms sheaths of muscles and partitions between muscles (ref. 24, pp. 12-13) . The periarticular tissue consists of the heavy, thick, connective tissue other than the above which is around joints such as knee and hip (ref. 560) . Some of the periarticular tissue remains with the skeleton when it is dissected, but some of this tissue may be removed. The 20 deciduous teeth are divided into eight incisors, four canine, and eight molars (ref. 24, p. 1247) . These teeth are much smaller than the permanent teeth. The time of eruption and shedding varies a great deal, but mean values are presented in Table 25 . Mean weights for deciduous teeth are presented in Table 26 . Table 27 gives the time scale for eruption of permanent teeth. These data represent the results of observations on 2848 school children of Minneapolis, Minnesota, whose ages ranged from 5 to 15 years. The weight of permanent teeth is presented in Table 28 .
Total average weight of permanent teeth: 2 • (12.0 -t-10.9) : 45.8 g Weight of teeth for reference adult male: 46 g female: 41 g 
